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SUBSTITUTED 
AMINO-AZA-CYCLOALKANES 
USEFUL AGAINST MALARIA 

5 

The invention relates to novel compounds which are substituted amino-aza- 
cycloalkane derivatives of the general formula I. The invention also concerns 
related aspects including processes for the preparation of the compounds, 
pharmaceutical compositions containing one or more compounds of general 
10 formula I and especially their use as inhibitors of the Plasmodium falciparum 
protease plasmepsin II or related aspartic proteases. 

Background of the invention: 

Malaria is one of the most serious and complex health problems affecting 
15 humanity in the 21 st century. The disease affects about 300 million people 

worldwide, killing 1 to 1.5 million people every year. Malaria is an infectious 

disease caused by four species of the protozoan parasite Plasmodium, P. 

falciparum being the most severe of the four. All attempts to develop vaccines 

against P. falciparum have failed so far. Therefore, therapies and preventive 
20 measures against malaria are confined to drugs. However, resistance to many 

of the currently available antimalarial drugs is spreading rapidly and new 

drugs are needed. 

P. Falciparum enters the human body by way of bites of the female 
anophelino mosquito. The Plasmodium parasite initially populates the liver, 

25 and during later stages of the infectious cycle reproduces in red blood cells. 
During this stage, the parasite degrades hemoglobin and uses the 
degradation products as nutrients for growth [1]. Hemoglobin degradation is 
mediated by serine proteases, and aspartic proteases. Aspartic proteases 
have been , shown, to be indispensable to parasite growth.. A non-selective 

30 inhibitor of aspartic proteases, Pepstatin, inhibits the growth of P. falciparum 
in red blood cells in vitro. The same results have been obtained with analogs 
of pepstatin [2], [3]. These results show that inhibition of parasite aspartic 
proteases interferes with the life cycle of P. falciparum. Consequently, 
aspartic proteases are targets for antimalarial drug development. 
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The present invention relates to the identification of novel low molecular weight, 
non-peptidic inhibitors of the Plasmodium falciparum protease plasmepsin II or 
other related aspartic proteases to treat and/or prevent malaria. 

5 The compounds of general formula I were tested against plasmepsin II., HIV- 
protease, human cathepsin D, human cathepsin E and human renin in order to 
determine their biological activity and their selectivity profile. 

In vitro Assays: 

10 

The fluorescence resonance energy transfer (FRET) assay for HIV, 
plasmepsin II, human cathepsin D and human cathepsin E. 

The assay conditions were selected according to reports in the literature [4 - 7]. 
15 The FRET assay was performed in white polysorp plates (Fluoronunc, cat n° 

437842 A). The assay buffer consisted of 50 mM Na acetate pH 5, 12,5% 

glycerol, 0. 1 % BSA + 392 mM NaCI (for HIV-protease). 

The incubates per well were composed of: 
-160 pi buffer 
20 - 10 pi inhibitor (in DMSO) 

- 10 pi of the corresponding substrate in DMSO (see table A) to a final 
concentration of 1 pM 

- 20 pi of enzyme to a final amount of x ng per assay tube (x = 10 
ng/assay tube plasmepsin II, x = 100 ng/assay tube HIV-protease, x = 10 

25 ng/assay tube human cathepsin E and x = 20 ng/assay tube human 

cathepsin D) 

The reactions were initiated by addition of the enzyme. The assay was incubated 
at 37°C for 30 min (for human cathepsin E), 40 min (for plasmepsin II and HlV- 
30 protease) or 120 min (for human cathepsin D). The reactions were stopped by 
adding 10% (v/v) of a 1 M solution of Tris-base. Product-accumulation was 
monitored by measuring the fluorescence at 460 nm. 
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Auto-fluorescence of all the test substances is determined in assay buffer in the 
absence of substrate and enzyme and this value was subtracted from the final 
signal. 





substrate 


enzyme 
concentration 
ng/at 
(nM) 








As party! 
protease 


sequence 


substrate 
concentration 
uM 


Buffer 


pH 


Inmihnt Inn 

lllUUUfJliUll 

time 
minutes 


HIV 


D abcyi-Abu-SQNY: P fVN-HD ANS 


1 


100 
<2Z5) 


50 mM Na acetate ; 
12,5% glycerol; 
0.1 % BSA 
392 mM Nad 


5 


40 


Plasmepsin II 


Dabcyi-ERNIeF:LSFP-EDANS 


1 


10 

(1.25) 


50 mM Na acetate ; 
12,5% glycerol; 
0.1% BSA 


5 


40 


h Cathepsln D 


Dabcyl-ERNIeF.LSFP-EDANS 


1 


20 
(2.5) 


50 mM Na acetate ; 
12,5 % glycerol ; 
0.1% BSA 


5 


120 


h Cathepsln E 


Dabcyl-ERNIeF:LSFP-EDANS 


1 


10 

(1.25) 


50 mM Na acetate ; 
12,5% glycerol: 
0.1% BSA 


5 


30 



Table A: Summary of the conditions used for the aspartyl proteases fluorescent 

assays, (at = assay tube) 



Enzymatic in vitro assay for renin: 

The enzymatic in vitro assay was performed in polypropylene plates (Nunc, Cat 
No 4-42587A). The assay buffer consisted of 100 mM sodium phosphate, pH 
is 7.4, including 0.1 % BSA. The incubates were composed of 1 90 pL per well of an 
enzyme mix and 10 pL of renin inhibitors in DMSO. The enzyme mix was 
premixed at 4°C and composed as follows: 

♦ human recombinant renin (0.16 ng/mL) 

• synthetic human tetradecapeptide renin substrate (0.5 pM) 
20 • hydroxyquinoline sulfate (0.1 mM) 

The mixtures were then incubated at 37°C for 3 h. 

To determine the enzymatic activity and its inhibition, the accumulated 
Angiotensin I was detected by an enzyme immunoassay (EIA). 10 pL of the 
incubates or standards were transferred to immuno plates which were previously 
25 coated with a covalent complex of Angiotensin I and bovine serum albumin (Ang 
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I - BSA). 190 pL of Angiotensin !-antibodies were added and a primary 
incubation made at 4°C over night. The plates were washed 3 times and then 
incubated for one hour at room temperature with a biotinylated anti-rabbit 
antibody. Thereafter, the plates were washed and incubated at room 
5 temperature for 30 min with a streptavidin-peroxidase complex. After washing 
the plates, the peroxidase substrate ABTS (2.2'-Azino-di-(3-ethyl- 
benzthiazolinsulfonate), was added and the plates incubated for 10-30 min at 
room temperature. After stopping the reaction with 0.1 M citric acid pH 4.3 the 
plate is evaluated in a microplate reader at 405 nm. 
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Table 1: IC 5 o values (nM) for selected compounds on plasmepsin II: 



Example Nr: 


IC50 (nM) on plasmepsin II 


Example 1 


70 


Example 2 


1500 


Example 3 


1700 


Example 6 


1800 


Example 7 


462 


Example 9 


1700 


Example 10 


1200 


Example 1 1 


3200 


Example 13 


2400 


Example 14 


84 


Example 15 


1300 


Example 16 


1300 


Example 18 


148 


Example 22 


793 


Example 24 


427 


Example 25 


220 


Example 26 


497 


Example 30 


695 


Example 31 


210 


Example 32 


18 


Example 33 


96 


Example 34 


1970 


Example 35 


1700 


Example 36 


164 


Example 37 


1530 
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The present invention relates to novel, low molecular weight organic compounds, 
which are substituted amino-aza-cycloalkanes of the general formula I: 

R 4 




m(H 2 C)^ (CH 2 )„ 
N 

I 

X 

General Formula I 

wherein 

Q represents -SO2-R 1 ; -CO-R 1 ; -CO-NH-R 1 ; -CO-N(R 1 )(R 2 ); -CO-OR 1 ; 
-(CH 2 ) P -R 1 ; -(CH 2 ) P -CH(R 1 )(R 2 ); 

X represents -SO2-R 1 ; -CO-R 1 ; -CO-NH-R 1 ; -CO-N(R 1 )(R 2 ); -CO-OR 1 ; 
-(CH 2 ) P -R 1 ; -(CH 2 ) P -CH(R 1 )(R 2 ); hydrogen; 

R 1 , R 2 and R 3 represent lower alkyl; lower alkenyl; aryl; heteroaryl; cycloalkyl; 
heterocyclyl; aryl-lower alkyl; heteroaryl-lower alkyl; cycloalkyl-lower alkyl; 
heterocyclyl-lower alkyl; aryl-lower alkenyl; heteroaryl-lower alkenyl; cycloalkyl- 
lower alkenyl; heterocyclyl-lower alkenyl; 



R 4 represents hydrogen; -CH 2 -OR 5 ; -CO-OR 5 ; 
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R 5 represents hydrogen, lower alky!; cycloalkyl; aryl; heteroaryl; heterocyclyl; 
cycloalkyl-lower alkyl; aryl-lower alkyl; heteroaryl-lower alkyl; heterocyclyl-lower 
alkyl; 

t represents the whole numbers 0 (zero) or 1 and in case t represents the whole 
number 0 (zero), R 4 is absent; 

m represents the whole numbers 2, 3 or 4; 

n represents the whole numbers 1 or 2; 

p represents the whole numbers 0 (zero), 1 or 2; 

and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutical^ acceptable salts thereof 

In the definitions of the general formula I - if not otherwise stated - 
the expression lower means straight and branched chain groups with one to 
seven carbon atoms, preferably 1 to 4 carbon atoms which may optionally be 
substituted with hydroxy or lower alkoxy. Examples of lower alkyl groups are 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, 
hexyl, heptyl. Examples of lower alkoxy groups are methoxy, ethoxy, propoxy, 
iso-butoxy, sec.-butoxy and tert-butoxy etc. Lower alkylendioxy-groups as 
substituents of aromatic rings onto two adjacent carbon atoms are preferably 
methylen-dioxy and ethylen-dioxy. Lower alkylen-oxy groups as substituents of 
aromatic rings onto two adjacent carbon atoms are preferably ethylen-oxy and 
propylen-oxy. Examples of lower alkanoyl-groups are acetyl, propanoyl and 
butanoyl. Lower alkenylen means e.g. vinyien, propenylen and butenylen. 

The expression cycloalkyl, alone or in combination, means a saturated cyclic 
hydrocarbon ring system with 3 to 6 carbon atoms , e.g. cyclopropyl, cyclobutyl, 
cyclopentyl and cyclohexyl which may be substituted with lower alkyl groups. 
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The expression heterocyclyl, alone or in combination, means saturated or 
unsaturated (but not aromatic) five-, six- or seven-membered rings containing 
one or two nitrogen, oxygen or sulfur atoms which may be the same or different 
and which rings may be substituted with lower alkyl, lower alkenyl, aryl, aryl- 
lower alkyloxy, aryl-oxy, amino, bis-(lower alkyl)-amino, alkanoyl-amino, halogen, 
nitro, hydroxy, lower alkoxy, phenoxy; examples of such rings are morpholinyl, 
piperazinyl, tetrahydropyranyl, dihydropyranyl, 1 ,4-dioxanyl, pyrrolidinyl, 
tetrahydrofuranyl, dihydropyrrolyl, imidazolidinyl, dihydropyrazolyl, pyrazolidinyl 
etc. and substituted derivatives of such type rings with substituents as outlined 
hereinbefore. 

The expression heteroaryl, alone or in combination, means six-membered 
aromatic rings containing one to four nitrogen atoms; benzofused six-membered 
aromatic rings containing one to three nitrogen atoms; five-membered aromatic 
rings containing one oxygen, one nitrogfen or one sulfur atom; benzo-fused five- 
membred aromatic rings containing one oxygen, one nitrogen or one sulfur atom; 
five membered aromatic rings containig one oxygen and one nitrogen atom and 
benzo fused derivatives thereof; five membred aromatic rings containing a sulfur 
and nitrogen or oxygen atom and benzo fused derivatives thereof; five 
membered aromatic rings containing three nitrogen atoms and benzo fused 
derivatives thereof or the tetrazolyl ring; examples of such rings are furanyl, 
thienyl, pyrrolyl, pyridinyl, indolyl, quinolinyl, isoquinolinyl, dihydroquinolinyl, 
tetrahydroquinolinyl, tetrahydroisoquinolinyl, imidazolyl, triazinyl, thiazinyl, 
pyridazinyl, oxazolyl, etc. whereby such ring systems may be mono-, di- or tri- 
substituted with aryl; aryloxy, aryl-lower alkyl-oxy, lower alkyl; lower alkenyl; 
lower alkyl-carbonyl; amino; lower alkyl-amino; bis-(lower-alkyl)-amino; lower 
alkanoyl-amino; ca-amino-lower alkyl; halogen; hydroxy; carboxyl; lower alkoxy; 
vinyloxy; allyloxy; co-hydroxy-lower alkyl; nitro; cyano; amidino; trifluoromethyl; 
lower alkyl-sulfonyl etc. 

The expression aryl, alone or in combination, means six membered aromatic 
rings and condensed systems like naphthyf or indenyl etc. whereby such ring 



WO 02/24649 



11 



PCT/EP01/10272 



systems may be mono-, di- or tri-substituted with aryl, aryloxy, aryl-lower 
alkyloxy, lower alkyl, lower alkenylen, lower alkyl-carbonyl, aryt-carbonyl, amino, 
lower alkyl-amino, aryl-amino, bis-(lower-aIkyl)-amino, lower alkanoyl-amino, co- 
amino-lower alkyl, halogen, hydroxy, carboxyl, lower alkoxy, vinyloxy, allyloxy, oo- 
5 hydroxy-lower alkyl, oo-hydroxy-lower alkoxy, nitro, cyano, amidino, 
trifluoromethyl, lower alkyl-sulfonyl etc. 

It is understood that the substituents outlined relative to the expressions 
cycloalkyl, heterocyclyl, heteroaryl and aryl have been omitted in the definitions 
of the general formulae I to V and in claims 1 to 5 for clarity reasons but the 
10 definitions in formulae I to V and in claims 1 to 5 should be read as if they are 
included therein. 

The expression pharmaceutically acceptable salts encompasses either salts with 
inorganic acids or organic acids like hydrochloric or hydrobromic acid; sulfuric 
15 acid, phosphoric acid, nitric acid, citric acid, formic acid, acetic acid, maleic acid, 
tartaric acid, methylsulfonic acid, p- toluolsulfonic acid and the like or in case the 
compound of formula I is acidic in nature with an inorganic base like an alkali or 
earth alkali base, e.g. sodium hydroxide, potassium hydroxide, calcium 
hydroxide etc. 

20 

The compounds of the general formula I can contain one or more asymmetric 
carbon atoms and may be prepared in form of optically pure enantiomers, 
diastereomers, mixtures of diastereomers, diastereomeric racemates and 
mixtures of diastereomeric racemates. 
25 The present invention encompasses all these forms. Mixtures may be separated 
in a manner known per se, i.e. by column chromatography, thin layer 
chromatography, HPLC, crystallization etc. 

The compounds of the general formula I and their pharmaceutically acceptable 
30 salts may be used as therapeutics e.g. in form of pharmaceutical compositions. 
They may especially be used to in prevention or treatment of malaria. These 
compositions may be administered in enteral or oral form e.g. as tablets, 
dragees, gelatine capsules, emulsions, solutions or suspensions, in nasal form 
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like sprays or rectally in form of suppositories. These compounds may also be 
administered in intramuscular, parenteral or intraveneous form, e.g. in form of 
injectable solutions. 

5 These pharmaceutical compositions may contain the compounds of formula I as 
well as their pharmaceutical^ acceptable salts in combination with inorganic 
and/or organic excipients which are usual in the pharmaceutical industry like 
lactose, maize or derivatives thereof, talcum, stearinic acid or salts of these 
materials. 

10 

For gelatine capsules vegetable oils, waxes, fats, liquid or half-liquid polyols etc. 
may be used. For the preparation of solutions and sirups e.g. water, polyols 
saccharose, glucose etc. are used. Injectables are prepared by using e.g. water, 
polyols, alcohols, glycerin, vegetable oils, lecithin, liposomes etc. Suppositories 
is are prepared by using natural or hydrogenated oils, waxes, fatty acids (fats), 
liquid or half-liquid polyols etc. 

The compositions may contain in addition preservatives, stability improving 
substances, viscosity improving or regulating substances, solubility improving 
20 substances, sweeteners, dyes, taste improving compounds, salts to change the 
osmotic pressure, buffer, antioxidants etc. 

The compounds of formula I may also be used in combination with one or more 
other therapeutically useful substances e. g. with other antimalarials like 
25 quinolines (quinine, chloroquine, amodiaquine, mefloquine, primaquine, 
tafenoquine etc), peroxide antimalarials (artemisinin derivatives), pyrimethamine- 
sulfadoxine antimalarials (e.g. Fansidar etc), hydroxynaphtoquinones (e.g. 
atovaquone etc.), acroline-type antimalarials (e. g. pyronaridine etc) etc. 

30 The dosage may vary within wide limits but should be adapted to the specific 
situation. In general the dosage given in oral form should daily be between about 
3 mg and about 3 g, peferably between about 10 mg and about 1 g, especially 
preferred between 5 mg and 300 mg, per adult with a body weight of about 70 
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kg. The dosage should be administered preferably in 1 to 3 doses per day which 
are of equal weight. As usual, children should receive lower doses which are 
adapted to body weight and age. 
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Preferred compounds are compounds of the formula II 



(CH 2 )t 




Formula II 



wherein 

X, Q, t, R 3 and R 4 are as defined in general formula I above 

and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 

Also preferred compounds are compounds of formula III 



N 



Formula III 
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wherein 

Q, t, R 3 and R 4 are as defined in general formula I above 

and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 

Especially preferred are also compounds of the formula IV 




Q 



Formula IV 



N 




aryl 



wherein 



Q is as defined in general formula I above 



and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 
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Especially preferred are compounds of the formula V 




Formula V 



5 and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 



10 The compounds of the general formula I of the present invention may be 
prepared according to the general sequences of reactions outlined below, 
wherein R\ R 2 , R 3 , R 4 , R 5 , Q, X, t f m, n and p are as defined in general formula I 
above (for simplicity and clarity reasons, only parts of the synthetic possibilities 
which lead to compounds of formulae I to V are described). For general methods 

is of certain steps see also pages 19-23. 
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Scheme 1 : Preparation of substituted 4-amino-N-benzyl-piperidines: 



o 




5 Typical procedure for the reductive amination (Synthesis of compounds 2): 

The amine (1) and the aldehyde {R 3 -CHO} (1.5 eq.) are mixed in anhydrous 
methanol and stirred for 6 h. The mixture is then treated with sodium borohydride 
(1.5 eq.) and stirred for 2 h. Purified Amberlyst 15 or another suitable scavenger 
10 is added and the suspension is shaken for 12 h. The resin is then separated by 
filtration and washed with methanol. The secondary amine 2 is removed from the 
resin by adding a 2 M methanolic ammonia solution. The resin is drained after 30 
min and washed with methanol. The filtrate is evaporated to yield the pure 
secondary amine 2. 
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Typical procedure for the acylation (Synthesis of compounds 3): 

To a solution of the amine 2 in anhydrous ethyl acetate is added vacuum dried 
Amberlyst 21 or another suitable scavenger followed by the addition of the 
5 carboxylic acid chloride {R 1 -(CO)-CI} (1 .5 eq.). After shaking the suspension for 2 
h, an aliquot of water is added in order to hydrolyze the excess of the carboxylic 
acid chloride and shaking is continued for 1 h. The resin is then removed by 
filtration, washed with ethyl acetate and the solution is evaporated to yield the 
pure amide 3. 

10 

The carboxylic acid chlorides {R r (CO)-CI} may be obtained in situ from the 
corresponding carboxylic acid as described in the literature (i. e.: Devos, A.; 
Remion, J.; Frisque-Hesbain, A.-M.; ColensA; Ghosez, L., J. Chem. Soc, 
Chem. Commun. 1979, 1180). 

15 

The synthesis of the sulfonamide derivatives 5 from the amine 2 is performed in 
analogy to the above described procedure. 

The urea derivatives 4 are obtained by reaction of the amines 2 in 
20 dichloromethane, with one equivalent isocyanate. 

Typical procedure for the second reductive amination (Synthesis of compound 
6): 

25 The amine (2) and the aldehyde or the ketone {R^CO} (1.5 eq.) are mixed in 
anhydrous dichloromethane and sodium triacetoxyborohydride (1.3 eq.) is 
added. After stirring the solution for 48h f methanol is added and the reaction 
mixture is treated in the same manner as described for amines 2. 
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The N-Boc protected 4-amino-piperidine 7 (Scheme 2) can be prepared in a two 
step procedure starting by reacting 4-hydroxy-N-Boc-piperidine with 
methanesulfonylchloride in an inert solvent like DCM in the presence of a base 
like TEA to generate 4-mesyloxy-N-Boc-piperidine. The mesyloxy group is 
5 substituted with sodium azide followed by reduction of the azide functionality to 
the amino group to give 7. The amine 7 is transformed to the secondary amine 8 
via the typical procedure for the reductive amination described above. The 
synthesis of compounds 9, 10, 11 and 12 can also be performed via the typical 
procedures described above. Boc-deprotection is achieved either with 

10 hydrochloric acid in a solvent like diethylether or dioxane or with TFA in DCM. 
The second reductive amination step of the derivatives 13, 14, 15 and 16 to the 
fully derivatized final compounds 17, 18, 19 and 20 can be performed according 
to the typical procedure described above. Compounds 13, 14, 15 and 16 could 
also be transformed with acylating reagents like isocyanates, acid chlorides or 

is sulfonyl chlorides to yield products with an urea-, amide- or sulfonamide 
functionality instead of the amine functionality at the ring nitrogen atom. 

Compounds based on the 3-amino-piperidine template (see Scheme 3) can be 
prepared by using 3-amino-N-Boc-piperidine as starting material, which can be 
20 prepared as described for 7. All other chemical transformations can be 
performed as described above in Scheme 2. 

Compounds based on a 5- or 7-membered ring template (see Scheme 4) can be 
prepared according to the procedures described above. 
25 The 7-membered ring 35 can be prepared by ring extension of 1-benzyl-4- 
piperidone with ethyl diazoacetate in presence of boron trifluoride etherate. 
Subsequent hydrolysis followed by decarboxylation upon heating a solution in 
10% HCI gives the template 35. Amine 36 is then obtained following the typical 
procedure for the second reductive amination. 
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Scheme 5: Synthesis of "Hydroxymethyl-Analogues": 




5 According to the synthesis of the example shown in Scheme 5, other derivatives 
can be prepared by variation of the starting materials. 1 



All chemical transformations can be performed according to well known standard 
methodologies as described in the literature or as described in the typical 
10 procedures above. 
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The following examples illustrate the invention but do not limit the scope 
thereof. All temperatures are stated in °C. 

List of abbreviations: 



Roc or hnr 


t^rf -hi itvlowr^ rhnm/l 
W5i i. uuiy i \j Ay Vscu uui lyi 


Cbz 


benzyloxycarbonyl 


DBU 


1 ,8Hdiazabicyclo[5.4.0]undec-7-ene(1 ,5-5) 


DCM 


dichloromethane 


DMF 


dimethylformamide 


DMSO 


dimethylsulfoxide 


EtOAc 


ethyl acetate 


TEA 


triethylamine 


TFA 


trifluoroacetic acid 


THF 


tetrahydrofuran 


TLC 


thin layer chromatography 
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Genera! Procedures and Examples: 

The following compounds were prepared according to the procedures described 
for the synthesis of compounds encompassed by the general formulae 
hereinbefore. All compounds were characterized by 1 H-NMR (300MHz) and 
occasionally by 13 C-NMR (75MHz) (Varian Oxford, 300MHz; chemical shifts are 
given in ppm relative to the solvent used; multiplicities: s = singlet, d = doublet, t 
= triplet; m = multiplet), by LC-MS (Waters Micromass; ZMD-platform with ESI- 
probe with Alliance 2790 HT; Column: 2x30mm, Gromsil ODS4, 3^, 120A; 
Gradient: 0 - 100% acetonitrile in water, 6 min, with 0.05% formic acid, flow: 
0.45ml/min; tr is given in minutes, or Finnigan AQA/HP 1100; Column: Develosil 
C30 Aqua, 50x4.6mm, 5pm; Gradient: 5-95% acetonitrile in water, 1 min, with 
0.03% TFA, flow:4.5 ml/min.), by TLC (TLC-plates from Merck, Silica gel 60 F254) 
and occasionally by melting point. 

a) General Procedures: 

Typical procedure A) for the reductive amination: 

The amine and the aldehyde (1.5 eq.) (which are used as starting materials, are 
known compounds or the synthesis is described above or below, respectively), 
are mixed in anhydrous methanol and stirred for 6 h. The mixture is then treated 
with sodium borohydride (1.5 eq.) and stirred for 2 h. Purified Amberlyst 15 or 
another suitable scavenger is added and the suspension is shaken for 12 h. The 
resin is then separated by filtration and washed with methanol. The secondary 
amine is removed from the resin by adding a 2 M methanolic ammonia solution. 
The resin is drained after 30 min and washed with methanol. The filtrate is 
evaporated to yield the pure secondary amine. 
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Typical procedure B) for the acylation: 

To a solution of the amine in anhydrous ethyl acetate is added vacuum dried 
Amberiyst 21 or another suitable scavenger followed by the addition of the 
carboxylic acid chloride (1.5 eq.). After shaking the suspension for two hours, an 
aliquot of water is added in order to hydrolyze the excess of the carboxylic acid 
chloride and shaking is continued for 1 h. The resin is then removed by filtration, 
washed with ethyl acetate and the solution is evaporated to yield the pure amide. 

Typical procedure C) for the second reductive animation: 

The amine and the aldehyde (1.5 eq.) are mixed in anhydrous dichloromethane 
and sodium triacetoxyborohydride (1.3 eq.) is added. After stirring the solution for 
48 h, methanol is added and the reaction mixture is treated in the same manner 
as described in procedure A). 

Typical procedure D) for the Suzuki coupling: 

To a solution of bromide in toluene is added the boronic acid (1.1 eq.) in 
isopropanol and a 2M aqueous solution of potassium carbonate (5 eq.). The 
mixture is purged with nitrogen for 10 min and tetrakis (triphenylphosphine) 
palladium (0.03 eq.) is added. After heating under reflux for 6 h, water is added 
to the cooled reaction mixture and the product is extracted with ethyl acetate. 
The organic phase is washed with brine and dried over sodium sulfate. The 
solvent is evaporated to give the crude aldehyde, which is purified by flash 
chromatography (ethyl acetate/heptane gradient). 
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b) Examples: 

Example 1 : 

According to typical procedure B), the secondary amine a), obtained via typical 
procedure A), is reacted with 4-pentyibenzoyl chloride to give 




/V-(4-Benzyloxybenzyl^N-(1-benzyIpiperidin^-ylH-pentylbenzamide 
LC-MS: t R = 4.95; ES+: 561 J 

Example 2: 

According to typical procedure B), the secondary amine b), obtained via typical 
procedure A), is reacted with 4-pentyl benzoyl chloride to give 




A/-(1-Benzylpiperidin-4-ylH-penty'-W-(3-phenylpropyl) benzamide 
LC-MS: t R = 4.82; ES+: 483.5 
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Example 3: 

According to typical procedure B), the secondary amine c), obtained via typical 
procedure A), is reacted with 4-butoxybenzoyl chloride to give 




A/-(4-Ben2yloxybenzyl)-A/-(1-benzylpiperidin-4-yl)-4-butoxybenzamide 
LC-MS: tR = 4.57; ES+:563.44 



Example 4: 

According to typical procedure B), the secondary amine c) f obtained via typical 
procedure A), is reacted with 4-ethylbenzoyl chloride to give 




/V-(4-Benzyloxybenzyl)-/V-(1-benzylpiperidin-4-yl)-4-ethylbenzamide 
LC-MS: t R = 4.32; ES+:519.41 
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Example 5: 

According to typical procedure B), the secondary amine c), obtained via typical 
procedure A), is reacted with heptanoyl chloride to give 




Heptanoic acid (4-benzyloxybenzylH1-benzylpiperidin-4-yl) amide 
LC-MS: t R = 4.42; ES+: 499.39 



Example 6: 

According to typical procedure B), the secondary amine c), obtained via typical 
procedure A), is reacted with dodecanoyl chloride to give 



o 




Dodecanoic add (4-benzyloxybenzyl)-(1-benzylpiperidin-4-yl) amide 
LC-MS: tR = 5.22; ES+: 569.56 
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Example 7: 

According to typical procedure B), the secondary amine d), obtained via typical 
procedure A), is reacted with 4-pentylbenzoyl chloride to give 

5 




/V-(1 -Benzylpiperidin-4-yl)-4-pentyl-A/-(4-phenoxybenzyl) benzamide 
LC-MS: t R = 4.80; ES+: 547.46 



Example 8: 

io According to typical procedure B), the secondary amine d), obtained via typical 
procedure A), is reacted with 4-butoxybenzoyl chloride to give 




A/-(1-Benzylpiperidin-4-yi)-4-butoxy-A/-(4-phenoxybenzyl) benzamide 
LC-MS: tR = 4.60; ES+: 549.47 
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According to typical procedure B), the secondary amine d), obtained via typical 
procedure A), is reacted with dodecanoyl chloride to give 




Dodecanoic acid (1-benzylpiperidin-4-ylH4-phenoxybenzyl) amide 
LC-MS: t R = 5.1 6; ES+: 555.50 



Example 10: 

10 According to typical procedure B), the secondary amine e), obtained via typical 
procedure A) f is reacted with 4-pentylbenzoyl chloride to give 




A/-(1-Benzylpiperidin-4-yl)-A/-(3,4-bis-benzyloxybenzyl)-4-pentylbenzamide 

LC-MS: t R = 5.05; ES+: 667.55 
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Example 1 1 : 

According to typical procedure B), the secondary amine e) ( obtained via typical 
procedure A), is reacted with 4-butoxybenzoyl chloride to give 

5 




A/-(1-Ben2ylpiperidin^yl)-A/-(3 f 4-bis-benzyloxybenzyl)-4-butoxybenzamide 

LC-MS: t R = 4.83; ES+: 669.49 

Example 12: 

10 According to typical procedure B), the secondary amine e) f obtained via typical 
procedure A), is reacted with 4-ethylbenzoyl chloride to give 




/V-(1-Benzylpiperidin-4-yl)-/V-(3,4-bte^ 

LC-MS: t R = 4.59; ES+: 625.61 
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Example 13: 

According to typical procedure B) t the secondary amine e), obtained via typical 
procedure A), is reacted with dodecanoyl chloride to give 




Dodecanoic acid (1-ben2ylpiperidin-4-yl)-(3,4-bis-benzyIoxybenzyl) amide 
LC-MS: t R = 5.49; ES+: 675.74 



Example 14: 

According to typical procedure B), the secondary amine f), obtained via typical 
procedure A), is reacted with 4-pentylbenzoyl chloride to give 




A/-(1-BenzyJpiperidin-4-yl)-A/^ 

LC-MS: t R = 4.82; ES+: 531 .46 
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Example 1 5: 

According to typical procedure B), the secondary amine f), obtained via typical 
procedure A), is reacted with 4-butoxybenzoyl chloride to give 




A/-(1-Benzylpiperidin-4-yl)-A/-biphenyl-4-ylmethyM-butoxybenzamide 
LC-MS: t R = 4.49; ES+: 533.43 



Example 1 6: 

10 

According to typical procedure B), the secondary amine f), obtained via typical 
procedure A), is reacted with dodecanoyl chloride to give 




Dodecanoic acid (1-benzylpiperidin-4-y|)-biphenyl-4-ylmethylamide 
LC-MS: t R = 5.22; ES+: 539.51 
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Example 17: 

According to typical procedure B), the secondary amine g), obtained via typical 
procedure A), is reacted with 4-fert-butyl benzoyl chloride to give 

5 




A/-(1-Benzylpiperidin^-ylH-fe/f-butyl-N-(2-pentyl-3-phenylallyl) benzamide 

LC-MS: tR = 4.93; ES+: 537.48 

Example 18: 

10 According to typical procedure B), the secondary amine h), obtained via typical 
procedure A), is reacted with 4-pentyl benzoyl chloride to give 




N-(1-Benzylpiperidin-4-yl)-4-pentyl-A/-(4-trifluoromethylbenzyl) benzamide 

LC-MS: t R = 4.58; ES+: 523.43 
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Example 19: 

According to typical procedure B), the secondary amine h), obtained via typical 
procedure A), is reacted with 4-butoxybenzoyl chloride to give 



o 




A/-(1-Benzylpiperidin^-yl)«^butoxy-A/-(4-trifluoromethylbenzyl) benzamide 

LC-MS: t R = 4.34; ES+: 525.48 

Example 20: 

According to typical procedure B), the secondary amine h), obtained via typical 
procedure A), is reacted with dodecanoyl chloride to give 




Dodecanoic acid (1-benzyIpiperidin-4-yl)-(4-trifluoromethylbenzyl) amide 

LC-MS: t R = 5.03; ES+: 531 .43 
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Example 21 

According to typical procedure B), the secondary amine i). obtained via typical 
procedure A), is reacted with 4-pentylbenzoyl chloride to give 




A/-(3-Benzyloxy-4-methoxybenzyl)-A/-(1-benzylpiperidin-4-yl)- 
4-pentylbenzamide 
LC-MS: t R = 4.62; ES+: 591.43 



Example 22: 

io According to typical procedure B), the secondary amine j), obtained via typical 
procedure A), is reacted with 4-pentylbenzoyl chloride to give 

o 



A/-(4-Benzyloxy-3-methoxybenzyl)-A/-(1-benzylpiperidin-4-yl)- 
4-pentyIbenzamide 
LC-MS: tR = 4.70; ES+: 591.46 
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Example 23: 

According to typical procedure B), the secondary amine j) f obtained via typical 
procedure A), is reacted with dodecanoyl chloride to give 

5 




Dodecanoic acid (4-benzyloxy-3-methoxyben2yl)-{1-benzy[pi'peridin-4-y[) 

amide 

LC-MS: tR = 5.12; ES+: 599.71 

Example 24: 



According to typical procedure B), the secondary amine k), obtained via typical 
10 procedure A), is reacted with 4-pentylbenzoyl chloride to give 




/V-(1-Benzylpiperidin-4-yl)-A/-(4-butylbenzyl)-4-pentylben2amide 
LC-MS: t R = 5.02; ES+: 51 1 .56 
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Example 25: 

According to typical procedure B), the secondary amine I), obtained via typical 
procedure A) f is reacted with 4-pentylbenzoyl chloride to give 

5 




A/-(1-Benzylpiperidin-4-yl)-A/-(4-butoxybenzyl)-4-pentylbenzamide 
LC-MS: t R = 4.92; ES+: 527.58 



Example 26: 

10 According to typical procedure B), the secondary amine m), obtained via typical 
procedure A), is reacted with 4-pentylbenzoyl chloride to give 



o 




/V-(1 -Benzylpiperidin-4-yl)-4-pentyl-/V-(4-pentylbenzyl) benzamide 
LC-MS: t R = 5.14; ES+: 525.60 



15 



[ 
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According to typical procedure B) f the secondary amine a), obtained via typical 
procedure A), is reacted with 4-butylphenylisocyanate to give 




1 -(4-Benzyloxybenzyl)-1 -( 1 -benzylpiperidin-4-yl )-3-(4-butylphenyl) urea 
LC-MS: t R = 4.70; ES+: 562.53 



Example 28: 



10 According to typical procedure B), the secondary amine n), which is prepared as 
indicated in scheme 4, is reacted with 4-pentylbenzoyl chloride to give 




A/-[( 1 S)-1 -(4-Benzyloxyphenyl)-2-hydroxyethyl]-A/-{1-benzyIpiperidin-4-yl)- 

4-pentylbenzamide 
LC-MS: ^ = 4.47; ES+: 591 .61 



i 
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Example 29: 

According to typical procedure B), the secondary amine a), obtained via typical 
procedure A), is reacted with 4-propylphenyIsulfonyl chloride to give 

5 




A/-(4-Benzyloxybenzyl)-A/-(1-benzylpiperidin-4-yl>4-propyl 
benzenesulfonamide 
LOMS: tR = 4.63; ES+: 569.56 



Example 30: 

io According to typical procedure C), the secondary amine m), obtained via typical 
procedure A), is reacted with 4-trifluoromethylbenzaldehyde to give 




(1-Benzylpiperidin^yl)-(4-pentylbenzyl)-(4-trifluoromethylbenzyl) amine 
LC-MS; t R = 4.91 ; ES+: 509,60 



WO 02/24649 



42 



PCT/EPO 1/10272 



Example 31: 

According to typical procedure C), the secondary amine m) f obtained via typical 
procedure A), is reacted with biphenyl-4-carbaldehyde to give 




(1 -Benzy!piperidin-4-yl)-biphenyl-4-ylmethyK4-pentylbenzyl) amine 
LC-MS: t R = 4.84; ES+: 517.55 



Example 32: 

According to typical procedure C), the secondary amine o), obtained via typical 
procedures A) and B) f is reacted with furan-3-carbaldehyde to give 




AZ-^-CyanobiphenyW-ylmethyl^ 

LC-MS: ^ = 1.05 ; ES+: 546.19 
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Example 33: 

According to typical procedure C), the secondary amine p), obtained via typical 
procedure A), is reacted with 4-pentylbenzaldehyde to give 

5 




2^44[(1-Benzylpiperidin^ylH4^entylbera 

LC-MS: t R = 4.32 ; ES+:577.49 

Example 34: 

According to typical procedure C), the secondary amine q), which is prepared as 
10 indicated in Scheme 4, is reacted with 4-pentylbenzaldehyde to give 




(rac.;-(1 -Benzylazepan-4-yl)biphenyl-4-ylmethyl-(4-pentylbenzyl) amine 
LC-MS: t R = 4.41 ; ES+:531.53 
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Example 35: 

According to typical procedure B), the secondary amine q), which is prepared as 
indicated in Scheme 4, is reacted with 4-pentyl benzoyl chloride to give 




fraa>N-(1 -Benzylazepan-4-yl)-N-biphenyl-4-ylmethy!-4-pentyl benzamide 
LC-MS: t R = 4.94; ES+:545.42 

Example 36: 

According to typical procedure B), the secondary amine r), obtained via typical 
procedure A), is reacted with 4-pentyIbenzoyl chloride to give 

O 




A/-((3S)-1-Benzylpyirolidin-3-yl)-A^bip^ 

LC-MS: t R = 5.08 ; ES+:517.44 
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Example 37: 

According to typical procedure B), the secondary amine s), obtained via typical 
procedure C), is reacted with 4-pentylbenzoyl chloride to give 




A/-(4-Benzyloxypheny!)-/y-( 1 -benzylpiperidin-4-y l)-4-pentyibenzamide 
LC-MS: tR = 4.57 ; ES+: 547.34 



Additional Examples: 



Example 
Nr 


Compound 


LC-MS 


Synthesis 
according 
to 

example 


IC 5 o (nM) on 
plasmepsin 
II 


38 


N-(1 -Cyclohex-1 -enylmethyl- 
piperidin-^-yl^N-^'.^imethoxy- 
biphenyl-4-ylmethyl)-4- 
pentylbenzamide 


t R =0.82 a 

ES+: 

595.26 


32 


19 


39 


N-[1-(3-Methylbutyl) piperidin-4- 
yl]-4-pentyl-N-(4-pyridin-3-yl- 
benzyl) benzamide 


t R =3.78 

ES+: 

512.56 


32 


20 


40 


N-(4'-Cyanobiphenyl-4-ylmethyl)- 
N-(1 -cyclohex-1 -enylmethyl- 
piperidin-4-yl)-4-pentylbenzamide 


tR=1.09 a 

ES+: 

560.25 


32 


25 


41 ; 


N-(3',4*-Dimethoxybiphenyl-4- 
ylmethyl)-4-penty)-N-(1 -pyridin-4- 
ylmethylpiperidin-4-yl) benzamide 


t R =0.95 a 

ES+: 

592.24 


32 


25 j 
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42 


N-(4 -Cyano-biphenyi-4-ylmethyi)- 
4-pentyl-N-(1 -pyridin-4-ylm ethyl- 
piperidin-4-yl) benzamide 


t R =0.71 a 

ES+: 

557.20 


32 


28 


43 


in-(o ,4 -uimetnoxyDipnenyl-4- 
y1methyl)-N-(1 -furan-3-yimethyl- 
piperidin-4-yl)-4-pentylbenzam!de 


tR=0.79 a 

ES+: 

581.21 


32 


31 


A A 

44 


N-[4 -(2-Hyaroxyetnoxy)-biphenyl- 
4-ylmethyi]-4-pentyl-N-(1 -pyridin- 
4-ylmethylpiperidin-4-yi) 
benzamide 


t R =0.89 a 

ES+: 

592.24 


32 


39 


45 


4-Penty!-N-(4-pyridin-3-yl-benzyf)- 
N-(1 -thiophen-3-ylmethyl- 
piperidin-4-yI) benzamide 


tR=3.73 

ES+: 

538.33 


32 


42 


46 


N-(3\4MDimethoxybiphenyi-4- 
yimethyl)-4-pentyl-N-(1 -pyridin-3- 
ytmethy!piperidin-4-yi) benzamide 


t R =0.96 a 

ES+: 

592.26 


32 


45 


47 


N-(1 -Cyclohexylmethyl-piperidin- 
4-yl)-4-pentyl-N-(4-pyridin-3-yl- 
benzyl) benzamide 


ta=3.90 

ES+: 

538.38 


32 


46 


A Q 

48 


N-(1 -Benzyipipendin-4-yl)-N- 

(S^'-dimethoxybiphenyM- 

ylmethyl)-4-penty!benzamide 


t R =4.58 

ES+: 

591.57 


14 


48 


49 


N-(4-Benzo[1 ,3jdioxol-5-yl- 
benzyl)-N-(1 -furan-3-ylmethyl- 
piperidin-4-ylH-pentyibenzamide 


t R =4.72 

ES+: 

565.37 


32 


52 


50 


N-f4-Benzon 31dioxol-5-vl- 
benzyl )-4-pentyl-N-(1 -pyridin-4- 
ylmethylprperidin-4-yl) benzamide 


• -->! en i 

ES+: 
576.60 




CA 

54 


51 


N-(1 -Furan-3-ylmethylpiperidin-4- 
yl^N-^'-^-hydroxyethoxy) 
biphenyl-4-ylmethyl]-4- 
pentylbenzamide 


t R =0.98 a 

ES+: 

581.22 


32 


57 
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N-(4-Benzo[1 .3]dioxol-5-yf- 

benzyl)-N-(1-benzylpiperidin-4-yl)- 

4-pentylbenzamide 


t R =4.87 

ES+: 

575.61 


14 


58 


53 


N-(1 -Benzyl pipendin-4-yl)-N-(2 - 

fiuorobiphenyl-4-ylmethyI)-4- 

pentylbenzamide 


t R =4.65 

ES+: 

549.47 


14 


61 


54 


N-(1 -Furan-S-ylmetnylpipendin^- 
yl^pentyi-N-^-pyridin-S-yl- 
benzyi) benzamide 


tR=3.96 

ES+: 

522.42 


32 


64 


55 


N-(4 -Cyanobipnenyl-4-ylmethyl)- 
4-pentyl-N-(1 -pyridin-3-ylmethyl- 
piperidin-4-yl) benzamide 


t R =0.72 a 

ES+: 

557.18 


32 


68 


ob 


N-bipnenyi-4-yimethyl-N-[1 -(4- 
methoxybenzyl) piperidin-4-yl]-4- 
pentyibenzamide 


tR=5.02 

ES+: 

561.57 


32 


71 


o/ 


N-^-oenzo[i jOjaioxoi-o-yi- 
benzyl)-N-(1 -cyclohex-1 - 
enyImethyl-pIperidin-4-yl)-4- 
pentyl-benzamide 


t R =5.20 

ES+: 

579.55 


32 


75 


CO 

oo 


-Denzyj-pipenain-4-ylj-N-[4- 
(4-fluoro-benzyloxy)-benzyl]-4- | 
pentyl-benzamide 


t R =4.83 

ES+: 

579.71 


1 


79 


oy 


in-(1 -benzyl-pipendin-4-yl)-N-(4 - 

cyano-biphenyl-4-ylmethyl)-4- 

pentyl-benzamide 


t R =4.69 

ES+: 

556.58 


14 


81 


60 


N - f2 *- Fl u o ro b i d h en vl-4- vl methvl \- 
N-(1-furan-3-ylmethylpiperidin-4- 
yl)-4-penlylbenzamide 


+ —A ~7~7 

ES+: 
539.36 


6Z 


0*7 

87 


61 


N-(1-Cyelohex-1-enylmethy1- " 
piperidin-4-yl)-4-pentyl-N-(4- 
pyridin-3-yl-benzyl) benzamide 


t R =4.44 

ES+: 

536.44 


32 


89 
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4o 



62 


N-(4-Benzon 31dioxol-5-vl- 
benzyl )-N-[1 -(4-hydroxybenzyl) 
piperidin-4-yl]-4-pentylbenzamide 


f_<-/1 on 

ES+: 
591.72 


oz 


yu 


63 

WW 


N -(2*- Fiuorobip hen yl-4-yl methyl )- 
4-pentyl-N-(1 -pyridin-4-ylm ethyl- 
piperidin-4-yl) benzamide 


ES+: 
550.40 


oz 


yo 




4- Pe n tvf- N-f4- o vrid ln-3- vl-b e nz vH- 
N-(1 -pyridin-4-ylmethylpiperidin-4- 
yl) benzamide 


ir— o./^; 

ES+: 

533.24 




i no 


65 


N-BiohenvI-4-v)methvl-4-Dentvl-N- 
(1 -pyridin-3-ylmethylplperidin-4-yi) 
benzamide 


if{~- *r .ZjH 

ES+: 
532.46 


io 
oz 


1 uo 




N-Y1 -BenzvlniDeridin-4-vn-4.- 

pentyl-N-(4-pyridin-4~ylbenzyl) 

benzamide 


ES+: 
532.48 


14 


iU4 


67 


N-[1 -(4-Hydroxy benzyl) piperidin* 
4-yl]-4-pentyl-N-(4-pyridin-3-yl- 
benzyl) benzamide 


ES+: 
548.42 


oz 


1 UO 


68 


N-(1 -Benzylpiperidin-4-yl)-N-(2 , «- 

chlorobiphenyl-4-y!methyi)-4- 
pentylbenzamide 


tc»=4 76 

ES+: 

565.60 


14 


120 


69 


N-(1 -Cyclohex-1 -enytmethyi- 
piperidin-4-yl)-N-(2'-fluoro- 
bipheny!-4-y!methyl>4- 
pentylbenzamide 


tR=5.30 

ES+: 

553.49 


32 


123 


70 


N-(1 -Cyclohex-1 -enylmethyl- 
piperidin-4-yl)-4-penty!-N-(4- 
pyridin-2-ylbenzyl) benzamide 


to=4.64 

ES+: 

536.49 


32 


125 


71 


N-BiphenyM-ylmethyj-N-(1-furan- 

3-ylmethyl-piperidin-4-yt)-4- 

pentylbenzamide 


tR=4.68 

ES+: 

521.40 


32 


127 
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72 


N-[1 "(5-Hydroxymethyl-furan-2- 
ylmethyl) piperidin-4-yl]-4-pentyl- 
N-(4-pyridin-3-ylbenzyl) 
benzamide 


tR=3.52 

ES+: 

552.20 


32 


128 


73 


IM-(1 -Cyclopropyimetnylpipendin- 
4-yf)-4-pentyl-N-(4-pyridin-3-yl- 
benzyl) benzamide 


tR=3.65 

ES+: 

496.36 


32 


128 


74 


N-(i -Benzylpipendin-4-yl)-N-{3 - 

methylbiphenyl-4-yImethyI)-4- 

pentylbenzamide 


tR=4.97 

ES+: 

545.42 


14 


140 


75 


N-(4-Benzyloxybenzyl)-N-((3Sj-1 - 

benzy!pyrrolidin-3-yl>4-pentyI- 

benzamide 


tR=5.00 

ES+: 

547.37 


36 


141 


76 


N-(2 -Fluorobjphenyl-4-ylm ethyl )- 
N-[1-(4-hydroxybenzy!) piperidin- 
4-yl]-4-pentylbenzamide 


tR=4.95 

ES+: 

565.56 


32 


152 


77 


N-(i -Denzyipiperidin^-ylj-N-tS- 

fIuoro-4-trifIuoromethylbenzyl)-4- 

pentylbenzamide 


t R =4.58 

ES+: 

541.30 


1 


153 


*7ft 


M_/^_C| iron O \/lmafh\ifninnri/4!n >4 

in-^ i-ruran-o-yirneLnyipiperiain-4- 
yl)-4-pentyl-N-(4-pyrid in-2-yl- 
benzyl) benzamide 


tR=4.24 

ES+: 

522.33 


32 


168 


7Q 


** - ren iyi-iN -^4-pyno i n-^-yi -oenzyi j- 
N-(1 -pyridin-4-ylmethyIpiperidin-4- 
yl) benzamide 


tR=3.97 

ES+: 

533.49 


32 


176 


80 


N-f 1 -BenzvlniD6ridin-4-\/IV-d.- 
pentyl-N-(4-trifluoromethoxy- 
benzyl) benzamide 


Ir— 4.DJ 

ES+: 
539.46 


A 
I 


A O ~7 

187 


81 


N-Biphenyl-4-ylmethyl-N-[1 -(4- 
hydroxybenzyl) piperidin-4-yl]-4- 
pentylbenzamide 


t R =4.68 

ES+: 

547.43 


32 


192 
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82 


N-BiphenyM-ylmethyl-N-(1 - 
cyclohex-1 -enylmethyipiperidin-4- 
yi)-4-pentyt benzamide 


t R =5.11 

ES+: 

535.47 


32 


196 


83 


N-(1 -Benzylpipendin-4-yl)-N-(4- 

isopropoxybenzyl)-4-pentyl- 

benzamide 


tR=4.60 

ES+: 

513.35 


1 


204 


84 


ftV | /■ ^ ft— t _ ft « • _ ft • ^ | \ A 

N-(1 -Benzylpipendin-4-yl)-4- 

pentyl-N-(4-pyridin-2-yl-benzyi) 

benzamide 


tR=4.25 

ES+: 

518.45 


14 


209 | 


85 


N-(1 -Benzofuran-2-ylmethyl- 
piperidin-4-yl)-4-pentyl-N-(4- 
pyridln-3-yl-benzyl) benzamide 


t R =3.99 

ES+: 

572.35 


32 


211 


86 


N-(1 -Benzyipiperidin-4-yi)-N- 

naphtha!en-2-ylmethyl-4-pentyl- 

benzamide 


ta=4.50 

ES+: 

505.17 


1 


248 


87 


N-(1 -Benzyipipendin-4-yl)-4- 
pentyl-N-(4-pyrimid in-5-ylbenzyl ) 
benzamide 


t R =4.15 

ES+: 

533.40 


14 


250 


88 


(1 -Benzylpipendin-4-yl)-(3 ,4 - 
dimethoxybiphenyl-4-ylmethyl)-(4- 
pentyl-benzyl) amine 


t R =4.74 

ES+: 

577.40 


33 


255 


89 


N-(l-Denzylpipendin-4-yl)-N-(4 - 

fluorobiphenyl-4-ylmethyl)-4- 

pentylbenzamide 


t R =4.77 

ES+: 

549.43 


14 


260 




iM-^i-MiiyioxyDenzyi ^-in-^i -uenzyi- 
piperidin-4-yl)-4-pentytbenzamide 


t R =4.56 

ES+: 

511.57 


1 


270 


91 


(4-Benzo[1 ,3]dioxol-5-y1-benzyl)- 
(1 -benzy!piperidin-4-ylM4-pentyl- 
benzyl) amine 


tR=4.68 

ES+: 

561.53 


33 


275 
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92 


N-(4-Benzyloxy-2-hydroxy- 
benzyl)-N-(1 -benzylpiperidin-4-yl)- 
4-pentylbenzamide 


tR=4.76 

ES+: 

577.60 


1 


281 


93 


N-Benzo[1 ,3]dioxol-5-ylmethyl-N- 
(1 -benzylpiperidin-4-yl)-4-pentyl- 
benzamide 


tR=4.50 

ES+: 

499.37 


1 


284 


94 


N-(1-Benzylpiperidin^-yf)-N-(4- 
ethoxybenzyl)-4-penty!benzamide 


tR=4.64 

ES+: 

499.42 


1 


284 


95 


4'-{[(1 -Benzylpiperidin-4-ylH4- 
pentylbenzyl) amino] methyl}- 
biphenyl-4-carbonitrile 


tR=4.90 

ES+: 

542.33 


14 


294 


96 


N-Biphenyl-4-ylmethyl-4-pentyi-N- 
[1 -(3-trifIuoromethyIbenzy|) 
piperidin-4-yl] benzamide 


tR=5.17 

ES+: 

599.67 


32 


319 


97 


N-(1 -Benzylpiperidin-4-yl)-N- 
biphenyl-4-ylmethyl-4-hexyl- 
benzamide 


tR=4.82 

ES+: 

545.49 


14 


322 


98 


N-(1-Benzylpipendin-4-yl)-N-(4- 

methoxybenzyl>4-pentyl- 

benzamide 


tR=4.30 

ES+: 

485.34 


1. 


322 


99 


N-Bipnenyl-4-ylmethyl-N-[1 -(2- 
hydroxybenzyl) piperidin-4-yl]-4- 
pentylbenzamide 


tR=4.80 

ES+: 

547.50 


32 


361 


100 


</ans-4-Pentylcyclohexane 
carboxylic acid (1-benzylpiperidin- 
4-yl)-biphenyl-4-ylmethyl amide 


t R =4.91 

ES+: 

537.34 


14 


374 


101 


N-Biphenyl-4-ylmethyl-N-[1 -(4^ 
fluorobenzyl) piperidin-4-yI]-4- 
pentylbenzamide 


t R =4.98 

ES+: 

549.48 


32 


385 
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( 1 -Rf»n7A/lninpr}din-A_\/i\-rA_^4_ 
^ i uoj tun i~*r~yi j-"i*r— ^«+~ 

fluorobenzyloxy) benzyl]-(4- 
pentylbenzyl) amine 


Ir-4.71 

ES+: 

565.63 


oo 

OO 


414 


I uo 


(A- BenzvloxvhpnTvh-M -h*»rv7vl- 

^ » wci i£.jfiuAyuci i^cyi / y i uci \£~yi 

piperidin-4-}d)-(4-pentyfbenzyf) 
amine 


IR-4.DO 

ES+: 
547.56 


OO 

oo 


431 


I U*f 


M - B i n hpn \A-A.-\A m *»t h \/l -4-non H/I.M - 
i>i i_>ipi id iyi-*t ym icu iyi-*t— |Jt5I liyi-IN 

(1 -phenethylpiperidin-4-yl) 
benzamide 


t R -4.91 

ES+: 

545.47 


oo 

32 


433 


1 UO 


//too )-NJ-/A- Ron 7\/l Avv/Kctn^i/I \ Kl 

(1 -benzyipiperidin-3~yI)-4-pentyl- 
benzamide 


Ir=4.97 

ES+: 

561.46 


1 


458 




in-^ 1 -Denzyipipenain-4-yi j-r>i-(*f - 

dimethyIaminobiphenyi-4- 

ylmethyi)-4-penty!benzamide 


tR=4.65 

ES+: 

574.54 


14 


461 


I Uf 


^ i "uci i^yipipt;! luii i~*f**y*/"^**—peniyi- 

benzyl)-(4-pyrimidin-5-ylbenzyl) 

amine 


Ir—4.36 

ES+: 

519.38 


14 


618 




/ i -Ren?vlr)inpririin-il-\/l^-/4-nf»nf\/l- 

benzyiH3-trifluoromethyl- 
biphenyl-4-ylmethyl) amine 


4- — E DO 
IR-O.OO 

ES+: 
585.43 


14 


634 




f 1 -BenzviDioeridin-^-vl WP'-fli mrn- 
biphenyl-4-yfmethy()-(4-pentyi- 
benzyl) amine 


f —A acz 

ES+: 
535.41 


14 


656 


110 


N-Biphenyl-4-yimethyl-4-pentyl-N- 
1 -(4-trifluoromethoxybenzyl) 
piperidin-4-yl] benzamide 


ES+: 
615.63 






111 


N-[( 7S)-2-(4-Benzyfoxyphehyl)-1 - 
hydroxymethytethyi]-N-(1 -benzyl- 
piperidin-4-yi)-4-pentylbenzamide 


tR=4.32 

ES+: 

605.52 


28 


749 
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112 


N-(4-BenzyIoxybenzyI)-4-pentyl- 
N-(1 -phenethylpiperidin-4-yl) 
benzamide 


t R =4.99 

ES+: 

575.49 


32 


761 


A 4 O 

1 1o 


N-(i -tjenzyipipendin-4-yl)-4- 
pentyl-N-(3'-trifluoromethoxy- 
biphenyt-4-yImethyt) benzamide 


t«=5.1 1 

ES+: 

615.52 


14 


816 


1 14 


N-(4-DenzyioxyDenzyl}-N-((3/?)-1 - 

benzylpyrrolidin-3-yl)-4-pentyl- 

benzamide 


t R =4.96 

ES+: 

547.42 


36 


817 


115 


rsi-( i -Benzyl pipend in-4-yI)-N-(4- 

dibutyfaminobenzyl)-4-pentyf- 

benzamide 


t R =4.92 

ES+: 

582.74 


1 


839 


a a r> 

116 


N-(1 -Benzyipipendin-4-yJ)-N-(4- 

hydroxybenzyl)-4-pentyl- 

benzamide 


tR=4.32 

ES+: 

471.42 


1 


882 


117 


fsj_/ i -Rftn v\/lnirtorirl?n-A-wf _ 
■ » yi uui i^jfifjijjd lull i^t yiy~ *r" 

pentyl-N-(2-pentyl-3-phenylallyl) 
benzamide 


Ir-5.21 

ES+: 

551.62 


1 


933 


118 


4-Pentylbicyclo[2.2.2]octane-1 - 
carboxylic acid (1-benzylpiperidin- 
4-yl)-biphenyl-4-ylmethylamide 


t R =5.13 

ES+: 

563.67 


1 


942 



a LC-MS measured on the Finningan AQA/HP system. 
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Example 119 



C 5 H 




Example 120 o 



CeH-,3 



IC50: 121 nM 




IC50:312nM 



Example 121 




Example 122 o 



V c eHi3 



IC50: 153 nM 




IC50:213nM 



Example 123 



C 5 H 




Example 124 



N C 5 H 



5 n 11 



IC50: 13 nM 




\C50: 106 nM 



Example 125 o 




Example 126 



N C 5 H,f 



F IC50: 103 nM 




IC50: 93 nM 
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Example 1 35 



C5H11 




Example 136 



c 5 H ii 



IC50: 39 nM 




Example 137 o 




Example 138 



1C50: 39 nM 




IC50: 77 nM 



Example 139 o 



Example 140 o 




IC50: 52 nM 



IC50:219nM 
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c) Referential Examples: (e.g. not commercially available starting 
materials) 

Referential Example 1: 

5 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
2-(4-bromophenoxy) ethanol to give 



Referential Example 2: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
1-bromo-2-fIuorobenzene to give 

15 




>H 



4'-(2-Hydroxy-ethoxy)-biphenyl-4-carbaldehyde 



10 




F 



Z-Fluoro-biphenyl^carbaldehyde 
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Referential Example 3: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
1-bromo-3-trifluoromethyIbenzene to give 

5 

o. 



V 



CF 3 

3 f -TrifluoromethyIbiphenyl-4-carbaldehyde 
Referential Example 4: 

10 According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
1-bromo-2-chIorobenzene to give 




ci 

2 , -Chlorobiphenyl-4-carbaIdehyde 

15 Referential Example 5: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
5-bromopyrimidine to give 




20 4-Pyrimidin-5-yl-benzaldehyde 
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Referential Example 6: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
1-bromo-3-(trifluoromethoxy)benzene to give 

OCF 3 

S-Trifluoromethoxybiphenyl-^-carbaldehyde 
Referential Example 7: 

According to typical procedure D), 4-formylbenzeneboranic acid is coupled with 
1-bromo-3,4-dimethoxybenzene to give 

OMe 

S'^'-Dimethoxybiphenyl-^carbaldehyde 
Referential Example 8: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
5-bromo-benzo[1 ,3]dioxole to give 

4-Benzo[1 ,3]dioxol-5-yl-benzaldehyde 



WO 02/24649 



60 



PCT/EP01/10272 



Referential Example 9: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 

3- bromopyridine to give 

4-Pyridin-3-yl-benzaldehyde 

Referential Example 10: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 

4- bromopyridine to give 

4-Pyridin-4-yl-benzaIdehyde 

Referential Example 11: 

According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
4-bromobenzonitrile to give 



4 , -Formylbiphenyl-4-carbonitrile 
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Referential Example 12: 



According to typical procedure D), 4-formylbenzeneboronic acid is coupled with 
3-bromotoIuene to give 




3'-Methylbiphenyl-4-carbaldehyde 



Referential Example 13: 



10 The following biaryl-derivatives could be prepared according to the typical 
procedure D): 




H 
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Claims: 



1 . Compounds of the general formula I 



(CH) t 



1ST 



m (H 2 C)^ (CH 2 ) n 
N 



General Formula I 



wherein 

Q represents -SOa-R 1 ; -CO-R 1 ; -CO-NH-R 1 ; -CO-N(R 1 )(R 2 ); -CO-OR 1 ; 
-(CH 2 ) P -R 1 ; -(CH 2 ) P -CH(R 1 )(R 2 ); 

10 

X represents -SO2-R 1 ; -CO-R 1 ; -CO-NH-R 1 ; -CO-N(R 1 )(R 2 ); -CO-OR 1 ; 
-(CH 2 )p-R 1 ; -(CH 2 ) P -CH(R 1 )(R 2 ); hydrogen; 

R 1 , R 2 and R 3 represent lower alkyl; lower alkenyl; aryl; heteroaryl; cycloalkyl; 
15 heterocyclyl; aryl-lower alkyl; heteroaryl-lower alkyl; cycloalkyl-lower alkyl; 

heterocyclyl-lower alkyl; aryl-lower alkenyl; heteroaryl-lower alkenyl; cycloalkyl- 
lower alkenyl; heterocyclyl-lower alkenyl; 

R 4 represents hydrogen; -CH^OR 5 ; -CO-OR 5 ; 



20 
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10 



R 5 represents hydrogen, lower alkyl; cycloalkyl; aryl; heteroaryl; heterocyclyl; 
cycloalkyl-lower alkyl; aryl-lower alkyl; heteroaryl-lower alkyl; heterocyclyl-lower 



t represents the whole numbers 0 (zero) or 1 , in case t represents the whole 
number 0 (zero), R 4 is absent; 

m represents the whole numbers 2, 3 or 4; 

n represents the whole numbers 1 or 2; 

p represents the whole numbers 0 (zero), 1 or 2; 

and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutical^ acceptable salts sreof 

2. Compounds of formula II 



alkyl; 




Formula II 



20 X 

wherein 

X, Q, t, R 3 and R 4 are as defined in general formula I above 



WO 02/24649 



PCT/EP01/10272 



64 



and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 

5 3. Compounds of formula III 



wherein 

10 Q, t, R 3 and R 4 are as defined in general formula I above 

and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 




N 



Formula III 




aryl 
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4. Compounds of formula IV 




Q 



aryl 




Formula IV 





aryl 



5 

wherein 

Q is as defined in general formula I above 

and pure enantiomers, mixtures of enantiomers, pure diastereomers, mixtures of 
10 diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutical^ acceptable salts thereof. 
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5. Compounds of formula V 



O 




5 and pure enantiomers, mixtures of enar.-jmers, pure diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates 
and pharmaceutically acceptable salts thereof. 

6. A compound as described as end-product in any of the examples 1 to 140. 

10 

7. Pharmaceutical compositions containing one or more compounds as claimed 
in any one of claims 1 to 6 and inert excipients. 

8. Pharmaceutical compositions according to claim 7 for treatment of diseases 
15 demanding the inhibition of aspartic proteases. 

9. Pharmaceutical compositions according to claim 7 for treatment of disorders 
associated with the role of plasmepsin II and which require selective inhibition of 
plasmepsin II. 

20 

10. Pharmaceutical compositions according to claim 7 for treatment or 
prevention of malaria. 
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1 1 . Pharmaceutical compositions according to claim 7 for treatment or 
prevention of diseases caused by protozoal infection (e.g. Chagas disease, 
Sleeping sickness etc). 

5 

12. Pharmaceutical compositions according to claim 7, which contain aside of 
one or more compounds of the general formula I a known plasmepsin II, a known 
HIV protease or a known cathepsin D or E inhibitor. 

10 13. A process for the preparation of a pharmaceutical composition according to 
any one of claims 8 to 1 1 , characterized by mixing one or more active 
ingredients according to any one of claims 1 to 6 with inert excipients in a 
manner known per se. 

15 14. Use of at least one of the compounds of the general formula I for the 
treatment or prevention of diseases. 

15. The invention as herein before described. 
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